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TRANSPQMINArrr NKGATIVg PR^yTrH?f^/:r^.f^m- 
jaCKGRQUMa np Tff^ PHYErfTTOfl 

This invenik»i was rnsde «:ith Gowemmartsup^ 

awarded by the Natwial Institutes of Hea^ The Government has certain 
nghts in the irjventJoa 

ReldofThiUpvffntt^Tn 

This invention reiates to unique protOH^ocogene sequences derived using 
recombinant DNA technology and to the productian and use of these 
sequences as wed as the expression products thereof. 

2- Related Art 

Advances in recombinant DNA technotogy have led to the discovery of 
nomial ceOuiar genes (proto^ancogenes) which control growth. devetopmenL 
and differentiation. Under certain circumstances, regulation of these genes 
IS altered and they become oncogenes wtrich cause nomial ceils to assume 
neoplastc growth behavior. There are approximately 40 known proto- 
oncogenes to date, which faD into various categories depending on their 
^inctK)nal characteristics. These ihdude. (1) growth factors and growth 
factor receptors. (2) messengers of mtracelluiar signai transduction 
pathways, for example, between the cytoplasm and the nucleus and (3) 
regulatory proteins influencing gene expression and DNA repTication. 

Several oncogenes and proto-oncogenes are known to encode mere than 
one product by using alternatively splk»d mRNAs. These include the SV40 
T antigen gene, c-src. c-Ha-ras. c-abi and c-my6. Artemative splicing 
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includes or exdudes particular coding sec^jences within the mRNA. which 
is evontuaily traislated. Consequentfy, the biotogical funokwi of a single 
gene can be expanded by the spfidng choice. Previous reports have 
shown that an aftemativefy spOced c-myt mRNA encodes a trwicated form 
of the c-my<> p75 which includes the ON* binc^ rej^ and nucfear 
Idcaiizatiwi sign^ present in c-wyb protein, but lacks regulatory regions 
required for transcriptional activation (Weber, ef a/., Scmnce, 243:1291, 
1990). The truncated protein has been shown to interfere with the f.^*on 
of c-myb during differentiatjon of mouse ejythroid leukemia cells. 

Many proteirs cooperate with each other in the activatton of transcriptk}n 
from spedffc promoters. Through this cooperatkxi, the gene can be 
transcribed and a protein product generated. Members of the Fos proto- 
orKX>gene family, along with members of the Jun gene family, form stable 
complexes whk:h bind to DNA at a spedfk: site designated AP-1. The AP-1 
site is kxiated in the promoter regkxi of s tsrge number of genes. B&Kfing 
of the Fos/ Jun complex activates transcrip&n of a ^le associated vwth an 
AP-1 site. In cells that have lost their growth regulatory mechanisms, it can 
be enviswned that this Fos/Jun oxnplex may "sir c»i the AP-1 site, causing 
overexpression of a particular gene. Since many ceO proliferative disorders 
result from the ovoBxpressfon of an otherwise normal gene, such as a 
proto-oncogene, it would be desirable to kJentify methods whfch interfere 
with the excessive activation of these genes. 

For many years, various drugs have been tested for their ability to alter the 
expression of gmes or the translation of their messages into protein 
products. One proWem with existing drug therapy is that it tends to act 
indiscriminately and affect healthy cells as weH as neoplastic cells. This is 
a major problem with many forms of chemotherapy where there are severe 
side effects primanTy due to the action of the toxic drugs on healthy cells. 
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spaoficaUy ^ ovefespmssion of msodma ^ 

P^c.«erat^.c«sorc^.t«r«v,Sm^ 

suMMABv nPTtiFimrriTimi 

of a select set of genes, many of whlct. ar» nudear proto^xxx>Qenes 
Prorm«man«x,tt« products Of theses 
^«i^3er^ as a p«c£om tor cooperate 

to AP.l srtes as heterodimers. The hetertxlimenc complex activates 
iranscnption of genes containing AP-l binding sites. 

faring study of the Fos8 gene, a surprising means of regulating 
transcnptwn was discovered. It was found that a truncation of Fos8 
occurs by drtetion Of a region Of an axon Which enco^ 

<toma«. results in a trane-represaing prutein wtsch cau8«, sup»^ 
promoter? containing the AP-1 site. 

In^a first aspect, the preserrt invention relates to a poiynudeotide encotSng 
a trans-repressing protein of ihe Fos gene famfly characterized as encodir^ 
aprotetn (1) having a leucine zipper domain, and (2) fonrtng a hete,^ 
a Jun related protein, wherein the helerod»rer « capable of binding to 

an AP-l srte and suppressing transcriptional transactivation of a promote 
containing the AP-l site. H'wfiwr 

in a second aspect, the present invention relates to a trans-repressing 
protein encoded by polynucleotide of the invention. 
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In a further aspect, the pnisent inventen relatss to a method of treating a 
cefl proWerative (fisordsf wher 691 the (fisorder is assod^ 
of a promoter containing an AP-1 site which comprises (1) removing a 
sampb of tissue associated with tho cfsordar from a sutjject with the 
disorder. (2) isolating fran the tissue sampte a hematopoietic c^ 
infiltrated the tissus, (3) contactinQ the fwnwopoietic cafi with a recomtjinart 
expression vector comprising a polynucteotida encoding the Fos protein of 
the invention, and (4) introducing the hematopoietic ceH into the subject 
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BRIEF DESCRlgmOW OF THE DflAW?MCffi 

FKJURE 1 shows the structw^e of Foa82 cocfing sequence, h (A), FosB2 
cxK%igr©gk)niseJ?ffi©d^Fos8cOW. Th©OTtireco*^seqi^Tp©from 
nucte<rtide1202to 2218 (based on numbering system In Zerial^ 
J.. fi:K>5, 19©G) kKtucfing the Intron-dsflved ©xon from 1913 to 2052 (the 
hatched box), is shown. The stop codon (TGA) h FosB2 reacfing frame is 
indicated. BR box represents the basic region, and L-L-L-L-L box incficates 
the Teudne zi;H>«^. FIGURE 1{B),thss9c^*3nce of the ^Aernath«sp!k»d 
rntron of FosB gene is showa h4ucteotide sec^ience of mouse genomic 
DNA surrounding the aftemative Intron of FosB gene is shown ffi the top 
R.ie. FosB and FosB2 cDNA sequences are afigned and presented in the 
middle line arxJ bottom fine, respectively. The conserved splicing donor 
(GT) and acceptor (AG) are boldfaced. The consensus branch point 
sequence (CT(iAC) and a pyrknidtfw stretch which is inyolvod in l^t 
formation are underlined. The stop codon (TGA) FosB2 cDHA is also 
underlined, (....) Indicates complete identity. 



FIGURE 2 shows mouse FosB DNA and de«&x»d amino acid sequences. 



6. 
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DETAILED DESCRIPTION OF THg PREFERRED £ftfiBQDIMg>fr 

Jun and Fos proteins piay m inportant role in the reguiafion of gene 
expression in nnany ceM types. \<novmJunpfOtsxns tndkj^ 
JirtO. Fos and Jun proteins contavi a cfistrictive leucine zipper^ domain 
yvNcti enables menibers of both faimSes to form heterodnn^rs arxf 
subsequently btrxJ to AP-1 sites. The heterodmer , orx» bounct activates 
transcriptional transactivation of a promoter contairwig an AP-1 site. 
Cooperation t>9tw0en these two ruK^ear or)coprotc»ns is reqi^redfor effidem 
transcriptional activation of the gene associated with the AP-1 9tB. 

In contrast to the foregoing, the present inwrtion relates to a rmf memt>er 
of the Fos gene famity which is a trans-repressing protein designated 
FosB2, This protein is a trurxaded form of FosB. Although FosB2 
associates with a Jun protein to form he te ro di mers tsind to AP-1 sites, 
these FosB2 containing heterdc^ners are imable to trans»:tivate 
transcription. 

FosB2. is a trans-acting molecule whid i has a negative regul^ory activity. 
A trans-activating Jocus commonly refers to a DMA sequence wTsch encodes 
a molecule that affects another DMA sequerx:e located on a chromosome 
different trom the trans-activating locus. Instead of functioning to activate 
transcription at a particular site in the DNA. Fos&2 acts to neg^Svely affect 
transcnption. perhaps by sequestering the Jun protein aid thereby 
interfering with positive regulatory elements. 

Other proteins regulating gene expression have been found which 
apparently "^p" together in pairs. The formaticwi of this stable complex is 
required before the proteins can effectively birKJ to a specific region of DNA. 
The area of the zipper where tho proteins associate is rich in periodically 
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»pac*KJIeudne residues, thus thaterni-teodnoi^^ Reffons of cenak, 
Pf crteins contain a leudne reskSue a every sevenm posiikx, of an ^ 
whicfi. through hydrophobic interactions, enables the proteins to form 
d»7>9rs. Th* irans-repfessing FOS82 described in the present invention 
contains a dassical leucine zipper domaia This aJJows Fos82 to form a 
complex with proteins of the Jun family, also contain a le^ 
domain. This leucine zipper stmctue is found in various transcription 
factors such as Fos. Myc. and Jun; the yeast trans^ption factors GCN4 
and yAP-l. enhancer binding protein (C/EBP). and cAMP responsive 
element-binding protein (CREB). The Fosa2 protein of the present invention 
asscaates with known Jun proteins encoded by c-Jun. Ju^B and JunD 
however. FosB2 can also associate with other proteins containing a Jun 
related leucine zipper to negatively regulate transcription. 

Association of FosB2 with members of the JUn family or other protein 
containing a Jun related leucine zipper is necessary for binding to DNA. 
While the trans^essing protein of the invention. compJaxed with a 
memoer of the Jun family, preferably binds to an AP-1 site, it may 
alternatively bind to another site containing the consensus sequence found 
within AP-1. 

Genomic DNA encoding FosB2 protein contains intemjpting sequences 
finlrons) and coding sequences (exons). The tnjncatlon event which results 
in FOSB2 is caused by a deletion of 140 base paiis frorr sn exon of the 
FosB gent. This deletion of coding sequence from nucleotides 1913 
- through 2052 results from alternative sprking wherein the entire FosB gene 
» tfiitially transcribed into one entire mRNA which is subsequently cut such 
tfiat only RNA sequences on either side of the cut remain. As a result the 
biological function of the FosB gene is expanded by the splicing event. In 
rosB2. an exon encoding a trans-activation domain is spliced out of FosB 
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mRNA. thereby creating FosB2 which lacks trar^s-ac^ating activity. 
However, although unable to transactivate transcriptiofi. Fos82 retains both 
the DMA binding and the leucine zipper domain and, as such, can stH 
complex with Jun family proteins. It^se FosB2/Jun complexes can stiB bind 
to promoters with AP-1 sites, but are unable to trarts«tjvate the ceff. 
Consequemly, FosB2 acts as a regulatory factor by negatively affectff>g the 
transcnption of genes containing AP-I sites. In addition, FosB2 biterferes 
with the transforming ability of FosB arxJ other membiBrs of the Fos gene 
family by competing with Jun proteins in the formation of FosB/Jun 
complexes. 

The invention provides polynucleotides encoding the FosB2 trans-repressing 
protein. These potynudeotides rndixie DNA, cOMA and RNA sequences 
which encode transrepressing protein. It is understood that all 
pofynudeotides encoding all or a portion of FosB2 are also included herem, 
so long as they exhibit the trans-repressing activity of Fos 82. Such 
polynucleotides include both naturally occurring and interrtionafly 
manipulated, for example, mutagenized polynucleotides. 

DNA sequences of the invention can be otJtained by severe methods. For 
example, the DNA can t)e isolated using hybridization procedures which are 
well known in the art. These include, but are not limited to: 1) hybricfization 
of probes to genomic or cONA libraries to detoct shared nucleotide 
sequences and 2) antibody screening of expression libraries to detect 
shared structural features. 

Hybridization procedures are useful for the scri^ning of recombinant ctones 
by using labeled mixed synthetic oligonucleotide probes where each probe 
is potentially the complete complement of a specific DNA sequence in the 
hybridization sample which includes a heterogeneous mixture of denatured 
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double-stranded DM^ For such screening, hybridization is p-eferably 
performed on erther sing!6-str?/?d©d DMA or denatured do^d>le-str;^ed 
DMA. Hybridization is parbcularty useful in the detection of cDNA ctones 
derived from sources where an extreme tow anriount of mRNA seciuences 
reletting to the potyp)ept)de of interest are present \n other words, by using 
stringerrt hybridization corKlitfor^s cfirected to avoed non-spedffe boicSng. it 
is possible, for example, to allow the autoradiographic visuafiz^kjn of a 
specific c0^4A done by the hybridization of the target DNA to that single 
protje in the mixture which is its complete complement (Wallace, ef a/.. 
Nucleic Add Research, 9:879, 1981). 

A FosB2 cDf4A library can be screened by injecting the various cDf^ into 
oocytes, allowing sufficient time for expr^sion of the cONA gene products 
to occur, arxj testing for the presence of the desired cOf4A expression 
product, for example, by using antibody specific for FosB2 poJypeptide or 
by using functionai assays for FosB2 txnding activity. 

Alternatively, a cDNA library can l>e screened indirectly for FosB2 peptides 
having at least one epitope using antibodies to FosBZ Such antibodies can 
be either polycionally or monodonafly derwed and used to detect exfxession 
product indicative of the presence of FosB2 cDNA. 

The development of specific DNA sequences encoding FosB2 can also be 
obtained by: (1) isolation of a double-stranded DNA sequence from the 
genomic DNA; (2) chemical manuifacture of a Df^ sequer>ce to provide the 
necessary codons for the polypeptide of interest; and (3) in Wfcro synthesis 
of a double-stranded DNA sequence by reverse tranisaiption of mRNA 
isolated from a eukar/otic donor cell. In the latter case, a double-stranded 
DNA complement of mRNA is eventually formed which is generally referred 
to as cDNA. 
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Of the three above-noted methods for devetoping specifk: DMA sequences 
for use in recombinani procedures, ti"© use of genomic DNA isolates |t). is 
the least common. This is espedafiy tnje when it is desirable to c^nain the 
microbi^ expression of mammaSan potyi^p^es because of the presence 
of introns. 

The synthesis of DNA sequences is frec^jentJy the method of choice when 
the entiro sequence of anvno add residues of the desired polypeptide 
product h known. When the entire sequence of amino add residues of the 
desired polypeptide is not known, the cSrect synthesis of DNA sequen<»s 
is rK3t possible arxJ the method of ctKHce is the formation of cDNA 
sequences. Arnor>g the starKlard proceAires for isolating cDNA sequences 
of interest is the formation of plasmid-canyirig cDNA libraries which are 
derived from reverse transcriptkm of rhRNA whkti is abundant in dCMW cells 
that have a high level of genetic exyyession. When used in combin^ion with 
polymerase chain reaction technotogy. wm r^e expresskjn products can 
be doned. In those cases where sigrtficarTt portions of the amino act^ 
sequence of The polypeptide are known. m& productton of labeled angle or 
double-stranded DNA or RNA probe ss.<iuences duplicating a sequence 
putatively present in the target cDNA may be employed in DNA/Df4A 
hybridization procedures vs*^ are carried out on cloned copies of the 
cDNA which have been denatured into a singie-stranded form (Jay, ef aL, 
Nucleic Acid Research, 11:2325. 1983). 

DNA sequences encoding FosB2 can be expressed in vitro by DNA transfer 
into a suitable host ceil. -Recombinant host c»ils" or "host cells" are cells in 
which a vector can be propagated and its DNA expressed. The term also 
indudes any progeny of the subject host cell. It is understood that not all 
progeny are identical to the parental cefi since there may be mutations that 
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occur at replication. However, such prcjeny are induded when the terms 
above are used. 

Host cells may also indude yeast. cONA can be expressed in yeast by 
inserting the cDNA into appropriate expression vectors arrd introducing the 
product into the host cells. Various st^uttle vectors for the sxp^-ession of 
foreign genes in yeast have been reported (Heinemann, et a/.. Nature, 
24Q-.205, 1989; Rose, ef a/.. Gene, S}:237, 1987). 

DMA sequences encoding FosB2 can. b© expressed in vivo m other 
prokaryotes or eukaryotes. Methods of expressing DNA sequences having 
aukaryotic coding sequences \n prokaryotes are weS known hi the art 
Biologically functional viral and plasmid Df^ vectors capable of expression 
and replication in a host are known in the art. Such vectors are used to 
incorporate DMA sequences of the invention. Hosts indude microbial, yeast 
and mammaiian organisms. 

Transformation of a host ceil with recombinant D^4A may be carried out by 
conventional techniques as are well known to those skilled in the art Where 
the host is prokaryotic, such as £ co//, competent cetts which are capable 
of DNA uptake can be prepared from cells harvested after exponential 
growth phase and subsequently treated by the CaClj method by procedures 
well known in the art Alternatively, MgClj or RbCI can be used. 
Transformation can also be performed after forming a p-otoplast of th^ host 
cell. 

When the host is a eukaryote. such metiiods of transfection of DNA as 
calcium phosphate co-precipitates, conventional mechanical procedures 
such as microinjection, insertion of a plasmid ©leased in liposomes, or virus 
vectors may be used. Eukaryotic cells ca.i also be cotransformed with 
foreign cDNA encoding FosB2 protein, and a second foreign DNA molecule 
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encoding « selectabb phunotype. =uch as the herpes simplex thymidine 
K-.nase gene. Another method is to use a «uka,yctic viral veaor such as 
s,m.an virus 40 (SV40) or bovine p^3«toma virus, to transientv' infect or 
^ansform eukaryotic cells and express me proteia (Eukaryotic Vin, Vector, 
U3ld Spring Harbor Laboratory, Gluzman ed., 1982J 

isolation and purification of micrcbially expressed protein, on fragments 
thereof, provided by the invention, may be cariiod out by com^ntional 

meansincludingpreparativechromatographyandimmunofogical separations 
involving monoclonal or polyclonal antibodies. 

Antibodies provided in the present invention are irrm^noreactive with FosB2 ■ 
protein. Antibody which consists essentially of pooled monodonal 
antibodies with different epitopic specificities, as wen as distinct monodonal 
antibody preparations are provioed. Monoclonal antibodies are made from 
antigen ccntaining fragments of the protein by methods wea known in the 
art (Kbhier. et a.:. Nature. ^:495. 1975; Carreryt Protocols /n Motocular 
Biology. Ausubel. 5,'.. ed.. 1989). 

Minor modifications of FosB2 primary amino add sequence may resuft in 
proteins which have substantiarty equivalent activity compared to the FosB2 
proteins described herein. Such modifications may be deliberate asbysite- 
directed mutagenesis, or may be spontaneous. AB proteins produced by 
these modifications are included herein as long as Fos82 activity exists. 

In the present inve.-,tion. the FosB2 sequences may be inserted mto a 
recombinant expression vector. The term "recombinant expression vector 
refers to a plasmid. virus or other vehicle known ^ the art that has been 
manipulated by insertion or incorporation of Fos82 genetic sequences 
Such expression vectors contain a promoter sequence which fadWates the 
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effiaent transcription of the inserted genetic sequence in the host "nie 
expression vector typicalty contains an origin of replication, a promoter as 
well as specific genes which allow phenotypic selection of the transfomied 
celis. 

The present im,-ention also provides gene therapy for ihe treatment of ceir 
prolrferative disorders which are mediated by Fos/Jun protein complexes 
Such therapy would achieve its therapeutic effect by irttroduction of the 
FOSB2 polynucleotide, into cells of animals ha'/ing the proliferative disorder 
Denvery of FosB2 polynucleotide can be achieved using a recombinant 
expression vector such as a chimeric virus or a colloidal dispersion system. 

The term "cell-proliferative disorder" denotes malignartt as well as ron- 
malignant cell populations which morphologically often appear to differfrom 
the surrounding tissue. For example, the FosB2 polynucleotide is useful in 
treatng malignancies of the various organ systems, such as. for example 
lung, breast, lymphoid, gastrointestinal, and genitOHjrinajy tract as weO as 
adenocardnomas which include maJignandes such as most colon cancers 
renak:ell cardnoma. prostate cancer, non-small cell cardnoma of the fcjng' 
cancer of the small intestine, and cancer of the esophagus. The FbsB2 
polynucleotide is also useful in treating non-malignant cell-proliferative 
diseases sudi as psoriasis, pemphigus vulgaris. Behcet's syndrome and 
hpKl histiocytosis. Essentially, any disorder whidi is etiotogically linked to 
the formation of the Fos/Jun family heterodimer would be considered 
susceptible to treatment with FosB2 polynudeotide. 

Various viral vectors whidi can be utilized for gene therapy as taught herein 
'"^"de adenovims. herpes virus, vacdnia. or. preferabK'. an RNA virus such 
as a retrovirus. Preferably, the retroviral veaor is a derivative of a murine 
or avian retrovirus. Examples of retroviral vectors in which a single foreign 
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gene can be inserted include, but are not limited to: Moloney murine 
leukemia virus (MoMuLV). Han/ey murine sarcoma vinjs (HafAiSV). murine 
mammary tumor virus (MuMTV), and Rous Sarcoma Virus (RSV). A number 
of additional retroviral vectors can incorporate multiple genes. M of these 
vectors can transfer or incorporate a gene for a selectable marker so that 
transduced cells can be identified and generated. By inserting a FosB2 
sequence of interest into the viral vector, along with arx>ther gene which 
encodes the ligand for a receptor on a specific target cell, for example, the 
vector is now target specific. Retroviral vectors can be made target specific 
by inserting, for example, a polynucleotide encoding a sugar, a gfycolipid, 
or a protein. Preferred targeting is accomplished by using an arttibody to 
target the retroviral vector. Those of skill in the art will know of, or can 
readily ascertain without undue experimentation, specific pofynudeotide 
sequences which can be Inserted into the retroviral genome to allow target 
specific delivery of the retroviral vector containing the FosB2 polynucleotide. 

Since recombinant retroviruses are defective, they require assistance in 
order to produce infectious vector particles. This assistance can be 
provided, for example, by using helper cell linas that contain plasmids 
encoding ail of the structural genes of the retroviais \jn6er the control of 
regulatory sequences within the LTR. These plasmids are missing a 
nucleotide sequence which enables tiie packaging mechanism to recognize 
an RNA transcript for encapsitation. Helper cell lines which have deletions 
of the packaging signal include but are not limited to ♦2. PA317 and PA12. 
for example. These cell lines produce empty virions, since no genome is 
packaged. If a retroviral vector is introduced into such cells in which the 
packaging signal is intact, but the structural genes are replaced by other 
genes of interest, the vector can be packaged and vector virion produced. 
The vector virions produced by this method can then be used to infect a 
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tissue cell Ene. such as NIH 313 cells, to produce large quarrtities of chimeric 
retroviral virion«. 

Mernativefy. NIH 3T3 or other tissue culture cells can be rfsecUy transfected 
with plasmids encoding the retroviral structural genes gag, pol and env by 
conventional cataum phosphate transfection. These cells are then 
transfected with the vector plasmid containing the genes of interest The 
resulting cells release tiie retroviral vector into the culture medium. 

Another targeted delivery System for FosB2 polynucleotides a colloidal 
dispersion system. Colloidal dispersion systems include macromolecule 
complexes, nanocapsules. microspheres, beads, and lipid-based systems 
including ciMn-water emulsions, micelles, mixed micelles, and Rposomes 
The preferred colloidal system of this invention is a liposome. Uposomes 
are artifidal membrane vesicles which are useful as delivery vehicles in vitro 
and in vivo. It has been shown that large unnamellar vesicles (LUV) which 
range in size firom 0.2-4.0 urn can encapsulate a substantial perceniage of 
an aqueous buffer containing large macromolecules. RNA. DNA and intact 
virions can be encapsulated witfiin the aqueous interior and be delivered to 
cells in a biologically active fomi (Fraley. et al.. Trends Biochem. Sci.. fi:77. 
1981). In addition to mammalian ceHs. liposomes have been used for 
delivery of polynucleotides in plant, yeast and bacterial ce«s. In order for a 
liposome to be an effident gene transfer vehide. the following characteristics 
should be present: (1) encapsulation of the genes of interest at high 
efficiency while not compromising ttieir biological activity; (2) preferential and 
substantial binding to a target cell in comparison to non-target cells; (3) 
delivery of the aqueous contents of the veside to the target cell cytoplasm 
at high effidency: and (4) accurate and effective expression of genetic 
information (Mannino, et al., Biotechniques, g;682. 1988). 
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I composition of the liposome is usually a combination of phospholipids. " 

I particularly high-phase-transition-temperature phospholipids, usually in 

i combination with steroids, especially cholesterol. Other phospholipids or 

|- other lipids may also be used. The physicaJ characteristics of liposomes: 

I ^ depend on pH, ionic strength, and the presence of di«dent cations. 

I Examples of lipids useful in liposome production include phosphatidyl 

\ compounds, such as phosphatidylglycerd. phosphatidylchofine. phos- 

i: phatidylserine. phosphatidylethanolamine, sphangolipids. cerebrosides. and 

\ gangfiosides. Particularly useful are diacylphosphatidylglycerols. wiiere the 

[ "P-d ""O'ety contains from 14-18 cartxwi atoms, particulariy from 16-18 

i cartjon atoms, and is saturated. Illustrative phospholipids include egg 

j phosphatidylcholine, dipalmitoylphosphatidylcholine and distoaroylphos- 

i phatidylcholine. 



i The targeting of liposomes has been classified based on anatomical and 

I mechanistic factors. Anatomical classification is based on the level of 

. selectivity, for example, organ-specific, cell-spedfic, and organelle-spadfjc. 

I Mechanistic targeting can be distinguished based upon whether it is pasave 

I or active. Passive targeting utilizes ttie natural tendency of liposomes to 

I distribute to cells of the reticulo-endotiielial system (RES) in organs wtiich 

f 20 contain sinusoidal capillaries. Active targeting, on the other hand, involves 

f alteration of the liposome by coupring the nposome to a specific ligand such 

I ^ ^ monoclonal antibody, sugar, glycolipid. or protein, or by changing the 

I composition or size of Uie liposome in order to achieve targeting to organs 

f and cell types other than the naturally occurring sites of localization 
1 

I 2^ "^'^ surface of 'Jie targeted delivery system may be modified in a variety of 

I w^ys- the case of a liposomal targeted delivery system, lipid groups can 

\ ^8 incorporated into tine lipid bilayer of the liposome in order to mantain the 
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targeting ligand in stable sssociation with tha l^somal bilayer Various 
l.nk.ng groups can be used for joining the lipid chains to th- targetinQ 
ligand. ^ 

In general, the compounds bound to the surface of the targeted defivery 
system will be ligands and receptors which m allow the targeted delivery 
system to find and "home in" on the desired cells. A ligand may be any 
compound of interest which will bind to anottier compound, such as a 
receptor. 

In general, surface membrane proteins which bind to spedffc effector 
molecules are referred to as receptors. In the present invention, antibodies 
are prefenred receptors. Antibodies can be used to target liposomes to 
specrfic cell-surface ligands. For example, certain antigens expressed 
specifically on tumor cells, referred to as tumor-assodated antigens fTAAs) 
may be exploited for the purpose of targeting antibody-FosB2-containing 
liposomes directiy to the malignant tumor. Since the Fos82 gene product 
may be indiscriminate witti respect to cell type in its action, a targeted 
delivery system offers a significant irnprovemeriover randomly injecting non- 
specific liposomes. A number of procedures can be used to covalentiy 
attach either polyclonal or monoclonal antibodies to a liposome bilayer 
Antibody-targeted liposomes can include monoclonal or poJydonai 
antibodies or fragments ttiereof such as Fab. or F{ab% as long as they 
bind effidentiy to an the antigenic epitope on the target cells. l4Josomes 
may also be targeted to cells expressing receptors for hormones or other 
serum factors. 

The invention also provides a method for suppressing the transcriptional 
transactivation of a promoter containing an AP-t site by contacting the AP-1 
srte w,th an effective amount of the trans-repressing protein. An effective 
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amount is meant to indude that levol v.-hich results in the c^eactivation of a 
previously activated promoter containing AP-l . The amount of FosB2 trans- 
repressing protein required would be that amount necessary to displace Fos 
protein in an existing Fos/Jun complex in the ceil, or that amount necessary 
to compete with Fos protein to form complexes wSh the variois Jur 
proteins. By functionally inactivating the Fos/Jun comptex. twth transcription 
and transformation can be suppressed. Delivery of an effective amount of 
the trans-repressing protein can be accompl'ished by one of the 
mechanisms previously described, such as by retroviral sectors or 
liposomes, or other methods well known in the art. 

In addition, the invention discloses a method of treating cell proliferative 
disorders, by removal of a tissue sample from a subject with the disorder; 
isolating hematopoietic ceils from the tissue sample; and contacting isolated 
cells with a recombinant expression vector containing mA encoding Fos82 
protein and. optionally, a target specific gene. Optionally, the cells can be 
treated with a growth factor, such as interteukin-2. to stimulate cell growth, 
before reintrodudng the cells into the subject When reintroduced, the celts 
will specifically target the cell population from which they were originafiy 
isolated. In th'3 way, tiie trans-repressing activity of FosB2 may be used to 
inhibit undesirable cell prolrferation in a subject 

An alternative use for recombinant retroviral vectors comprises ttie 
introduction of polynudeotide sequences into the host by means of skii 
transplants of ceils containing the vims. Long term expression of foreign 
genes in implants, using cells of fibroblast origin, may be achieved if a 
strong housekeeping gene promoter is used to drive transcription. For 
example, the dihydrofolate reductase (DHFR) gene promoter may be used. 
Cells such as fibroblasts, can be infected witii virions containing a retroviral 
consfuct containing the gere of interest for example FosB2. together with 
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a gene which allows for specific targeting, such as TAA. and a strong 
promoter. The infected ceils can be embedded in a collagen matrix which 
can be grafted into the connective tissue of the derniis in th. recipient 
subject. As the retrovirus proliferates and escapes the matnx it wiB 
specifically infect the target cell population. In this way the transplantation 
results in increased amounts of trans-repressing FosB2 being produced in 
cells manifesting the ceil proliferative disorder. 

Because the present invention identifies a nucleotide sequence expressed 
in FosB, but not in FosB2. it is possible to design appropriate therapeutic 
or diagnostic techniques directed to this unique sequence of FosB Thus 
where a cell-proliferative disorder is associated with the expression of Fosb' 
the unique sequence assodated with FosB, but not with Fo3B2. could be 
used to produce nucleic add sequences that interfere wfth FosB expression 
at the translational level, "mis approacJi utilizes, for example, antisense 
nudeic add and ribozymes to blod< translation of a spedfic FosB mRNA. 
either by masking that mRNA with an antisense nudeic add or by deaving 
rt with a ribozyme. 

Antisense nudeic adds are DNA or RNA molecules that are complementary 
to at least a portion of a spedfic mRNA molecule (Weintraub. Scientific 
American. 262:40. 1990). In the cell, ttie antisense nucleic adds hybridize 
to the con-esponding mRNA. fonning a double-stranded molecul4. TTie 
antisense nucleic adds interfere with the translation of the mRNA since tiie 
cell will not translate a mRNA ttiat is double-stranded. Antisense oligomers 
of about 15 nudeotides are preferred, since they are easily synthesized and 
are less likely to cause problems than larger molecules when introduced into 
the target FosB-produdng cell. The use of antisense methods to inhibit the 
in vitro ti-anslation of genes is well krrown in the art (Marcus-Sakura 
Anal.Biochem., 172:289, 1988). 
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Ribozymes are RNA molecules possessing the ability to specific^ cleave 
other single-stranded RNA in a manner analogous to DNA restriction 
endonucleases. Through the modification of nucleotide sequerKss which 
encode these RNAs, it is possible to engineer molecules that recognize 
specific nucleotide sequences in an RNA molecule and deave il (Cech, 
JAmer,MedAssn., 26Q:3030, 1988). A major advantage of this af^oach is 
that, because they are sequence-specific, only mRNAs with particular 
sequences are inactivated. 

There are two basic types of n*bozymes namely, tetrahymena-t^pB 
(Hasselhoff. Nature, 334:585, 1988) and "hammerhead"-type. Tetr^mena- 
type ribozymes recognize sequences which are four bases in length, while 
"hammerhead"-type ribozymes recognize base sequences 11-18 bases in 
length. The longer the recognition sequence, the greater the lik^ood that 
that sequence will occur exdusivsly in the target mRNA spedes. 
Consequently, hammerhead-type ribozymes are preferable to tefFahymena- 
type ribozymes for inactivating a q^^rific mRNA ^^edes and ISrbased 
recognition sequences are preferable to shoiter recognition sequences. 

Antisense sequences can be therapeutically administered by tediruques as 
those described above for the admir^ation of FosB2 polyrRjdeotides. 
Especially prefenred for therapeutic delivery of antisense sequences is the 
use of targeted liposomes. 

The following examples are intended to illustrate but not limit the invention. 
While they are typical of those that might t>e used, other procedures knovm 
to those skilled in the art may alternatively be used. 
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FosB2 cDNA CLONING 

FosB2 cDNA Vitiich contains the entire coding sequence was db^sined 
during cloning of the FosB cDNA by potymerase chain reaction (PGR) 
(Sherman, et aL, TIG, 5:137, 1989). Primers corresponding to nudeotides 
(NT) 1284-1301 and 2212-2227 of the published sequence (Zerial, ef a/., 
EMBO J.. 3:805-813, 1989) were used to done FosB cDNAs using PGR. 
Multiple independent clones were selected and analyzed by nudeotide 
sequencing. 

Characterization of FosB2 cDNA 

During the process of molecular doning of. FosB cDNA by PGR using 
oligonudeotides based on the published FosB sequence (Zeria!, ^ al., 
EMBO J., 3:805-813, 1989), DNA fragnwnts of aq^proxinialely 0.9 to 1.0 kbp 
were obtained. These cDNA fragments were subdoned and when the 
nudeotide sequence of the fragments was determined, 'ft became apparent 
that many of them were missing 140 bp as compared to previously 
deiscribed FosB cDNAs. More importantly, the open reading frame of the 
shorter cDNA could encode a protein of only 237 aa as compared to the 
338 aa protein encoded by the FosB cDNA. 

Rgure 1 schematically illustrates the molecular stmcture of both the FosB 
and the shorter cDNA termed FosB2. The entire coding sequence from 
nudeotide 1202 to 2218 (based on numbering system in Zerial, ef a/., supra) 
induding the intron-derived exon from 1913 to 2052 (the hatched box), is 
shown. 
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The nucteotide and deduced amino add sequence o/ the first 237 aa of the 
two proteins are identical (Zerial. et al., EMBO J.. 3:805-813. 1989) 
Examination of the sequences of FosB and FosB2 cDNA revealed that the 
FosB2 protein terminates immediately following the 140 bp deletion. Thus, 
the remaining sequence in the 3' region of FosB2 is identical to FosB but 
cannot be translated in this frame. Tlie FosB2 protein, however, does 
contain the leudne zipper domasi (aa 183 to 211) and the basic region (aa 
157 to 182). which is well conserved among ail members of the Fos fam3y 
(Matsui. ef al., Oncogene, 5:249-255. 1990). 

The nucleotide sequence of a corresponding FosB genomic Dm fragment 
was detennined to address the question of the nature of the 140 bp insert 
in FosB. A comparison of the sequences of FosB genomic DMA. and FosB 
and FosB2 cDNAs revealed that the 140 bp insert has aa the hallmarks of 
a bonafide type II intron. In addition to the consensus cpDce donor 
(AGaGTGAGA) and acceptor (GAG) sites, tt^e are potential branch points 
23 and 28 NT from the AG and a pyrimidine-rich stretch between branch 
point and splice site. Because the 140 bp intron is deleted in FosB2. the 
reading frame shifts by -1, creating the stop codon TGA. Therefore. FosB2. 
the produrt of spliced FosB mRNA. is only 237 aa iong. 

EXAMPLE 2 

PLASMiP DNA CONSTRt iCTIOM AMD RNaaa PRQ T ^CTIQM /;MAI ,V$IQ 

Plasmid SK-FosB2 contains the entire FosB coding sequence except the 
intron-derived exon. in the vector SK. Plasmid SK-Fos8 contains the entire 
FosB coding sequence. pBKFosB and pBKFosB2 are expression constructs 
of FosB and FosB2 in the FBJ-LTR driven expression vector pBKPL The 
analogous c-Fos expression plasmid pBK28. and the c-jun expression 
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p^mid pSV-c^un have been descnbed (Lamph. et al.. Nature. ^4:629-631 
1988: Sassone-Corsi. et al, Cell, 54:553-560. 1988). 

Southern blotting analysis of genomic DNA suggested the presence of a 
single FosB gene. RNA was prepared from ceils induced with serum by 
methods known in the art and hybridized to FosB2 probe. Within 60 
minutes following serum induction, maximal levels of a 5.0 kb spedes of 
RNA was detected. Because the alternative spliced font, of FosB RNA is 
Shorter by 140 bp. the analysis perfom»d here was not able to distinguish 
bet^eer, the two fom,s of RNA To contim, the existence of alternatively 
sphced fomis of FosB mRNAs. RNase protection analysis was performed 
using probes generated from either FosB2 or FosB cDNA Upon anneaJina 
wrth full length FosB mRNA and subsequent RNase digestion a 166 NT 
fragment diagnostic for FosB RNA was observed. Otiier probes used in 
RNase protection assays included a FosB Nco\ fragment which is 835 NT 
This probe protected the expected 784 NT FosB fragment In addition the 
same probe yielded 478 NT and 166 NTbands. representative of FosB2'and 
the 140 bp deletion. 

Five pg of cytoplasmic RNA were sulked to RNA blot analysis FosB2 
^ing region of cDNA was used as the hybridization probe. Unifomity 
P-UTP-labeled complementary RNA probes were symhesized Results 
Showed coordin^ed regulation of FosB ar.d FosB2 mRNA by serum in the 
absence and presence of cydohexamide in NIH ST3 fibroblasts. 

For predse quantitation of tt^s abundance of two spedes cf RNAs anafysis 
was performed using probes generated from FosB cONA In cells 
stimulated with serum, appropriate length FosB and FosB2 specific 
fragments were identified. From dersitometric scanning of the band 
■ntensity. length of fragments, and uradf content of fragments, rt appeared 
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that FosB2 was slightly more abundant (Fos8^osB2 = 0.83/1) than FosB 
mRNA. 

The results indicated that (!) barKls of the expected sizes corresponding to 
FosB and FosB2 RISIA were identified, (ii) FosB and FosB2 expression was 
stimulated by serum and (iii) induction of FosB and FosB2 mRNA by serum 
was superinduced with cydoheximide. No 'nduction of FosB or FosB2 
mRNA was detected when the ceBs were treated with tetradecanoyi phorbd 
1 3-acetate (TP A). FosB is thus unique among early response genes in that 
it is inducible with serum, but not TP A. 

g XAMPUR 3 

PROTEIN ANALYSIS BY IMMUNOPf^ECiPlTATlON 

NIH 3T3 cells were starved with 0.5% bovine calf serum for 2 days, and then 
stimulated with 1 0% dialyzed calf serum in the presence of methionine- and 
cysteine-free media Forty minutes before harvest, the cells were labeled 
with ^S-methionine (200 MQ/mi and cell lysates were prepared (Bart^er, et 
al., MoLCelLBioL, 7:2201-2211, 1987). Lysates containing equal amounts 
of protein were used for immunopredpitafion with anti-FosB specific 
antilxxjy 51 08-1 B (against FosB peptide resicfejes from 80 to 97) or a c-Fos 
monodonal antibody 18H6. 

Several extensively phosphorylated forms of c-Fos protein were 
immunopredpitated with 18H6. Maximum lev^of predpitated protein were 
obtained between 30-60 minutes following serum induction and a marked 
decrease was observed at 120 minutes. No Jun related proteins were 
identified since the extracts were boiled prior to immunopredpitation which 
disrupted the Fos-Jun complex. In parallel experiments, 5108-1 B antiserum 
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65 kD. 55 kD. and 43 kD. after serum induction. These pofypeptideslere 
.dentfied ,n quiescer« cells; > iha ^^els Inaeased byTnS^^ 

ti^^body was prancubated ^ synthetic peptide aganst v^ich the 
rr H T r""' '^^^^ *«-ted. on the 

^ed rf the antsera were prein«*ated with a non-spedfic peptide (aa 
152 to 176 of munne cReO originating from c-Rei protein. Nerther the 65 or 
55 kD polypeptides was observed witi, the pre-immune sera. Since there 
« not an antisera which distinguishes between Fos8 and FosB2 at present 
c^not be detem,ined as to which of the two po^peptides is the produci 

tianslated FosB protein, show common peptides folov^ng digestion witt, V8 
F^lTp^Jr "^'^ weights Of the /n translated FosB and 
FOSB2 RNA trar^pts and ti« pos^i^ posttransl^al modifications, the 
65kD polypeptide is FosB and the 55 kD polypeptide Fos BZ The tower 

Tr^^'' ''^^^"^ *^ ^ and >vas not 

blod<ed by FOSB peptide. It likely that ttiis towest molecular weight band 
« ac^n. wh.ch is inducible witi, sen^n and migrates at a position of about 



EXAMPLES 

IN VITRO TRANSCRIPTIQM ^Kin TT?ftN^r<>TTnH 

EcoRI and transcnbed with T7 polymerase or T3 polymerase -ach FNA 

Zr^'^^JT nuclease-treated. methionine-free r^^bit 

reticuloc/te iysate as directed by the supplier (Promega. fyiauiscn Wl) For 
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gei shift assays, equal molar amounts of unlabeled proteins were combined, 
and incubated with ^P-yATP labeled TRE/AP-1 oiigonudeotide at room 
temperature for 1 5 minutes and the binding complex formation was analyzed " 
on a native 4% acrylamide gel (Sassone-Ccrsi, et aJ., Nature, 236:692-695. 
1988; Dwarki. ef a/., EMBO J.. 3:225.232. 1990). 

FosB2 binds to AP-1 site 

A hallmark of the members of the Fos gene family is that their products form 
heterodlmors with members of Jun family and bind to AP-1 sites. !n vitro 
translated FosB2 and c-Jun was found io bind efficiently to an AP-1 site. 
Competition with excess unlabeled oligonucleotide containing the cognate 
AP-1 site abolished binding. Little or no binding was observed wrth either 
FosB2. FosB. c-Fos or c-Jun alone. To confinm that DNA binding by the 
FosB2-<:-Jun complex was dependerrt on heterodimer formation via the 
leucine zipper domain. RNAs encoding FosB2 and a c-Jun mutant 
containing a deletion of the leucine zipper were cotranslated in vitro 
(Ransone. ef a/„ Genes Dev., 3:770-781. 1989). Ho bind&r^ to the AP-1 site 
was detected. 

FosB2 can efficiently bind to an AP-1 site in association with c-Jun. Various 
combtnations of expression plasmids for FosB. FosB2, and c-Jun (pBKFosB. 
pBKFosB2. pSVc-jun and pBK28) along with a reporter plasmid 5XTRE-TK- 
CAT. which contains five copies of the TPA-responsive element (TRE) linked 
to a CAT reporter gene, were cotransfected imo F9 leratocardnoma cells to 
determine whethier FosS2 in association with Jun could cause transcriptional 
transactivation of promoters containing AP-1 binding sites. Briefly, 
embryonic carcinoma F9 cells were plated in 10 cm rjishes at a density of 
5x10® cells/plate 24 hours before transfection. Transfecticn protocol was 
as described (Chen, ef a/., MoLCelLBiol., 7:2745-2752, 1987) and ^- 
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galactosidase activity was assayed by the CNPG reaction {Nielsen, et al. 
Proc.NatlAcad.Sci. USA, 8Q:51 98-5202. 1983). Two pg of the r'epon^ 
construct 5XTRECAT and 2pg of pBAG (a ^-galactosidase expression 
plasmid. which served as an internal control of transfection efOdency) yvere 
cotransfected into F9 cells with various combinations of expression plasmids. 



For CAT assays, cell extracts containing equal ^-GAL activity were incubated 
with '*C-chloraniphenicol, and the reaction products were analyzed on TLC 
plates as descnbed (Gomian, et al.. Mol.Cell.Biol., 2:1044-1051. 1982). 
Forty-eight hours after transfection. CAT activity was measured. AB CAT 
activity assays were standardized with ^-galactosidase acliwly. Fold 
induction was standardized with the control reaction (no expression plasmid) 
and three independent experiments were performed, c^un (0.5 pg) was 
cotransfected with 0-1 2pg of c-Fos, FosB. or FosB2 expression plasrrtd. 

Uke c-Fos. FosB was able to transactivate transcription in cooperation with 
c^un. FosB2 on the other hard was unable to transactivate transoptioa 
Because FosB2 can form heterodimers with c-Jun and bind to AP-1 ate. it 
apparently interferes with transcriptional activation by c-Fos or FosB 
proteins. Upon increasing the concentration of transfected Fos82 plasmid. 
the transactivation by c-Fos was incrementally reduced. FosB2 also 
appeared to suppress franscriptional transactivation by FosB. VWien the 
amount of c-Fos DMA was increased to 12 ^g or addition of 6 of FosB 
DMA. instead of FosB2 DNA, CAT activity^ increased. This indicated that 
reduced CAT activity upon addition of FosB2 plasmid was not due to 
adventitious events like squelching. Furthermore, immunostaining of the 
ti-ansfected cells with c-Fos monoclonal antibody (18H6) showed that c-Fos 
protein was. synthesized. . Rnally. FosB2 mutants in the lojdne zipper 
domain were unable to suppress ti-ansactivation by c-Fos and c-Jun. Thus, 



0 



2D44940 



28. PATENT 

PIM323S0 



the results show that FosB2 can interfere with transcriptional transactivation 
by Fos proteins such as c-Fos and FosB. 

F0^B2 SUPPRESSES TRANSFORMATION B Y Fos PRQTglMR 

Increasing amounts of FosB2 piasmid decreased the transforming potential 
of v-Fos. c-Fos, and FosB proteins, as seen in Table 1. In agreement with 
previous results, v-Fos is a. more potent transfonning agent than its cellular 
cognate. c-Fos (Miller, ef a/.. Cell, 26:51-S0, 1984). Surprisingly, however, 
FosB appeared to have a transforming potential equivalent to that of the v- 
Fos gene. These results also emphasize a link between transactivation 
potential and cellular transformation by Fos proteins. 

208F cells were transfected with 2 uQ of transforming piasmid UNA (v-Fos, 
c-Fos, or FosB) along with different amounts of a FosB2 expression piasmid 
(from 0-16 >ig): the total amount of DNA used in each'transfection was kept 
constant by varying the amount of canier DNA. Focus assays were 
performed as previously described (Miller, ef a/.. Cell, 36:51-60, 1984). Each 
transf action was plated in duplicate. Fod were counted 12 days after 
transfection for v-Fos transfected cells, and 17 days after transfectk)n for c- 
Fos and FosB transfected cells. FosB2 interfered with both the 
transcriptional transactivation and fransformation potential of c-Fos and 
FosB, suggesting a role as a trans-negative regulator. 
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Tranaforming 



v-Fos 



c-Fos 



FosB 



None 



FO&B2 



0 
2 
16 

0 
2 
16 

0 
2 
16 

16 



yiMTptor of Fdd 



13CV108 
58^5 
36/38 

43/31 
16/8 
2/8 

163/175 
102/82 
38/36 

Q/0 



55/67 
30/48 
9/15 

21/26 
5/3 
5/2 

48/61 
43/25 
28/17 

Q/0 



fAveraaeV 



100 
60 
25 

100 
17 
15 

100 
51 
31 



PtAMPLES 

utWQ P yPRESSIOM RFmOVIRAL MEDIATgP 
fiFiFfj ^^f^f »M IMPLANTS 

Although the following example is directed to chimeric retroviral expression 
in mice the techniques described herein are readily modified for use wrth 
other species, such as humans. In practice, the retroviral vectors of the 
invention containing FosB2 polynucleotide would further contain a gene 
which would express a binding protein or some other ligand whK:h. upon 
release of the retrovims from the implant, would allow the retrovirus to 
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specifically target a partioiar cell type. Those of skill in the art can readily 
make such modifications %vithoiit resorting to undije experimentation. 

Animal and cell cufture condttfon^ _ 

Adull male C57 BUBJ mice (6-8 weeks old) and hki/Nu a^mk: mice can be 
5 obtaJned from the Jackson Laboratory, ME. The retroviral packaging cell 

lines *-CPE and ♦-CRIP {Danos, et al., Proc.NadAcadScL USA, 25:6460- 
6464, 1988) and the cell Dnos NIH 3T3 and rat 208F are maintained in 
Dulbecco's Modified Eagle's Medium (DMEM) suppfemented with 10% 
bovine calf serum. Primary fibroblasts are obtained from day 17 embryos 
10 of C57 BiyeJ mice and are grown in DMEM supplemented with 10% fetal 

calf serum. Infected cells are then selected in medium containing 400 ng/ml 
ofG418. 

Retroviral vectors such as LNCdF9L can be used for tto vector construction 
(Axelrod. ef al., Proc.NaHAcad.Sci., 27:5173-6177, 1390). The vectors are 
generated by inserting a 3.1 k3P Bam HI fragment containing the entire 
coding sequence of the ^alactosidase gene, for example, into the Bgl II 
site of plasmid LNL-SLX to generate the vector LNL-SLX/jgal. The LNL-SLX 
vector is a derivative of LNL-XHC (Bender, et a!., JYtrohgy, £1:1639-1646. 
1 987) and contains a new polylinker to increase the numtjer of cloning sites. 
A 350 bp Hind III fragment of the mouse dihydrofolate reductase (DHFR) 
promoter can be dpned in the unique Hind ill site of LNL-SLX^gal. A Bam 
Hi/Hind III fragment contairdng the human intermediate early cytomegalovirus 
(CMV-IE) promoter (-522 to +55; Nelson, ef a/., MoLCdl.BioL, 7:4125-4129, 
1987) can be doned in the Bam Hl/Hindlll site of LNL-SLX^gal. The gene 
of interest (FosB2), along with a target-specific gene, can be doned into the 
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vector to generate target-specific vehicles for the Fosa?npno 

product, and its gene 

histochemistry is performed acconSng to Sanes ef a/ 
^S0...53133 1986)v^minorrnodffications. C^r^^^^'^ 
^Phosphate buffered saline soiuton (PBS) pH7.4 and then Z^s 
minutes on ,ce .n 2% formaldehyde plus 0.2% glutaraktehyde in pS 
cells are then rinsed 2 times with PBS and cJ^Z l^l 
^ning 1 .g/., 4.C,-5-Br-3-^dodyM-ga,acto^^^;"t: 
po^.um femcyanide. 5mM potassium ferrocyanide and2mM mIcl in^B^ 

Vfnj3 prn^,,f||o» 

Ten ,g of plasmid vector DM* is transfected into the ecotropic packaoina 

pa^aging cell l,nes known in the art can alternately b« used The medium 
■slanged 24 hours later and 48 hours after Lsfect^on ^eTj 
m^.um,s h^ested and used to infect 

♦-CRIP, for example. In the presence of 8 ^g/ml of polybr^e SlrZ 
«=o^ofinfected*-CR.P cells are Elated byt^^ 
G4l8^tan,ng medium and expanded. Recombinant retroLT^ 

Tor.- '^''^'^ infection, the medium is changed to G418 

conta.n.ng medium and colonies stained and counted after 12 to 14 ^ 
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The presence of helper virus is assayed by the marker residue method 
(Keller, ef a/., Nature. 313:149-154. 1935). Briefly, the medium from the 
infected cells is used to infect naiv-e NIH 3T3 cells. The presence of fi- 
galactosidase positive r»l!s is determined after 72 hours and the presence 
of G418 resistant colonies is quantified after 14 days. 

tmplgntgtlon of Infected mouaa amiy rvo fibroblg ^y in mi#.y 

Infected mouse embryo fibroblast cells are embedded in a collagen matrix 
as previously described (Louis, ef al.. ProcNatiAcad.Sci. USA. 25:3150- 
3154. 1988). The collagen matnx containing 2X10* infected fibroblasts is 
then grafted into the connective tissue of the dermis in the mid-back of 
recipient mice. To ensure rapid vascularization of the grafted tissue, a 2mm^ 
piece of gelfoam (Upjohn) containing 24g of basic fibroblast growth factor 
is inserted into the connective tissue atong wth each graft Ojouis. et at., id.) 
At different intervals of time, the implanted artificial coHagen matrix is 
removed and stained for ^-galactosidase activity. 

\)99 of housekeeoinn gena pr<ypn<y|yy 

Sustained expression in ttie implants may be a function of the type of the 
promoter used to initiate the transcription of the foreign gene. Since CMv' 
is an inducible promoter and may require actively growing cells, a promoter ' 
which maintains the constitutive levels of many housekeeping genes is used. 
Retroviral vectors containing murine dihydrorblate reductase gene promoter, 
for example, and the bacterial /J-galactosidase gene as a reporter are used. 
Clones produdng high titi-e amphoti-opic recombinant viruses are selected 
by infecting NIH 3T3 cells, and analyzing for ^-galactosidase activity and the 
presence of helper viruses as described in this example. 
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Further characterization of ti^e recombinant viruses can accompfished by 
analysis of the RNA transcripts from cells infected with the LNL-SLX ^al 
viruses. Transcripts of the expected size v.in be dsttectable in vrrus- 
producing CRIP cells or mouse embryo fibroWasts. No transcripts will be 
detected in uninfected cel!s. 

B-qalactosidase expre ssion In mice 

Mouse embryo fibroblasts are infected with either LNL-SLX CMV ^al or 
LNL-SLX DHFR ^-gai viruses to test if the sustained expression of ^- 
galactosidase can be attained in vivo. Infected cells are embedded in a 
collagen matrix and grafted in mice. After different time inten/als, the grafts 
are expianted and analyzed for the presence of ^alactosidase positive ceils 
by staining blue with X-Gai. A minimum of two to three grafts are expianted 
at each time point 
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SUMMARY OF SEQUENCES 

Sequence ID No. 1 is the nucleic acid sequence (and the deduced amino 
add sequence) of a genomic fragment encoding a mouse-derived FosB 
protein. 

Sequence ID No. 2 is the deduced amino add sequence of a mouse- 
derived FosB protein. 
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SEQUENCE LISTING. 



(1) GENERAL INFORMATION: 

(i) APPLICANT: Verma Ph.D., Inder M. 

Wisdom M.D. , Ronald M. 
Yen Ph.D., Jong- Young J. 

(ii) TITLE OF INVENTION: TRANSDOMINANT NEGATIVE PROTO- ONCOGENE 

(iil) NUMBER OF SEQUENCES: 2 

(Iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Spensley Horn Jubas & Lubltz 

(B) STREET: 4225 Executive Square, Suite 1400 

(C) CITY: La Jolla 

(D) STATE: CA 

(E) COUNTRY: US 

(F) ZIP: 92037 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM ?C compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentin Release #1.0. Version #1,25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: June 10, 1991 

(C) CLASSIFICATION: 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Wetherell, Jr. Ph.D., John R. 

(B) REGISTRATION NUMBER: 31,678 

(C> REFERENCE/DOCKET NUMBER: PD-1323 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (619) 455-5100 

(B) TELEFAX: (610) 455-5110 
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(2) INFORMATION FOR SEQ ID N0:1: 

(1) SEQUENCE CHAR/XTERISTICS: 

(A) LENGTH: base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: MouseFosB 

(Ix) FEATURE: 

(A) NAME/KEY: CDS 

<B) LOCATION: 1202.. 2216 



(xi) SEQUENCE DESCRIPTION: SEQ ID JK>:1: 



ATAAATTCTT 


ATTTTGACAC 


TCACCAAAAT 


AGTCACCTGG AAAACCCGCT TTTTGTGACA 


60 


AAGTACAGAA 


GGCTTGGTCA 


CATTTAAATC 


ACTGAGAACT AGAGAGAAAT ACTATCGCAA 


120 


ACTGTAATAG 


ACATTACATC 


CATAAAAGTT 


TCCCCAGTCC TTATTGTAAT ATTGCACAGT 


180 


GCAATTGCTA 


CATGGCAAAC 


TAGTGTAGCA 


TAGAACTCAA AGCAAAAACA AACCAAAGAA 


2A0 


AGGAGCCACA 


AGAGTAAAAC 


TGTTCAACAG 


TTAATACrrC AAACTAAGCC ATTGAATCTA 


300 


TCATTGGGAT 


CGTTAAAATG 


AATCTTCCTA 


CACCTTGCAG TGTATGATTT AACTTTTACA 


360 


GAACACAAGC 


CAAGTTTAAA 


ATCAGCAGTA 


GAGATATTAA AATGAAAAGG TTTGCTAATA 


A20 


GAGTAACATT 


AAATACCCTG 


AAGGAAA\AA 


AACCTAAATA TC/>JVAATAAC TGATTAAAAT 


480 


TCACTTGCAA 


ATTAGCACAC 


GAATATGCAA 


CTTGG&AATC ATGCAGTGTT TTATTTAAGA 


540 


AAACATAAAA 


CAAAACTA1T 


AAAATAGTTT 


TAGAGGGGGT AAAATCCAGG TCCTCTGCCA 


600 


GGATGCTAAA 


ATTAGACTTC 


AGGGGAATTT 


TGAAGTCTTC AATTTTGAAA CCTATTAAAA 


660 


AGCCCATGAT 


TACAGTTAAT 


TAAGAGCAGT 


GCACGCAACA GTGACACGCC TTTAGAaAGC 


720 
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ATTACTGTGT ATGAACATGT 
GTCATGAACT TAATACAGAG 
TrCCTCCCTG TCGTGACACA 
CCGCGGCACT GCCCGGCCGG 
ACGGACAGAG CCTGGAGTrT 
GCAGAGGG/JV CTTGCATCGA 
AGCAGCGCAG TrTGGAGACG 
CATAGCCTTG GCTTCCCGGC 

A ATG rrr caa gct ttt 

Met Phe Gin Ala Fhe 
1 5 

AGC TCA TCA CCC TCC GCC GAG TCT GAG TAG CTG TCT TCG GTG GAG TCC 1294 
Ser Ser Ser Pro Ser Ala Glu Ser Gin Tyr Leu Ser Ser Val Asp Ser 
20 25 30 

TTC GGC AGT CGA CGC ACC GCC GGC GCC TCC CJaG GAG TGC GCC GGT CTC l^i*2 
Phe Gly Ser Pro Pro Thr Ala Ala Ala Ser Gin Glu Cys Ala Gly Leu 
35 40 45 

GGG . GAA ATG CCC GGC TCC TTC GTG CCA ACG CTC ACC CCA ATC ACA ACC 1390 
Gly Glu Met Pro Gly Ser Phe Val Pro Thr Val Thr Ala He Thr Thr 
50 55 60 

AGC GAG GAT CTT CAG iGG CTC GTG CAA CCC ACC CTC ATC TCT TCC ATG 1438 
Ser Gin Asp Leu Gin Trp Leu Val Gin Pro Thr Leu He Ser Ser Met 
65 70 75 

GCC CAG TCC CAG GGG CAG CCA CTG GCC TCC CAG CCT CCA GCT CTT GAC 1486 
Ala Gin Ser Gin Gly Gin Pro Leu Ala Ser Gin Pro Pro Ala Val Asp 
80 85 90 95 



TGGCTGCTAC 


CAGCCACACT 


CAATTTAACA AGGCTGCTCA 


780 


AGAGCACGCC 


TAGGCAGCAA 


CCACAGCTTG CTCCGCCACT 


840 


ATCAATCCGT 


GTACTTGGTC 


TATCTGAAGC GCACCCTGCA 


900 


TTT CTGGGCG 


GGGAGCGATC 


CCCCCGTCGC CCCCCGTGAA 


960 


CAGGAGGTAC 


AGCGGCGGTC 


TGAAGGGGAT GTGGGATCTT 


1020 


AACTTGGGCA 


GTTCTCCGAA 


CCGGAGACTA AGCTTCCCCG 


1030 


TGTCCGGTCT 


ACTCCGGACT 


CGCATCTCAT TCCAGTCGGC 


1140 


GACCTCAGCC 


TGGTCACAGG 


GGCCCCCCTG TGCCCAGGCA 


1200 


CCC GGA GAC TAG GAC TCC GGC TCC CGG TGT 


1246 



Pro Gly Asp Tyr Asp Ser Gly Ser Arg Cys 
10 15 



CCT TAT GAC ATG CCA GGA ACC AGC TAC TCA ACC CCA GGC CTG AGT GCC 
Pro Tyr Asp Met Pro Gly Thr Ser Tyr Ser Thr Pro Gly Leu Ser Ala 
100 105 110 



1534 
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TAG AGG ACT GGC GGG GCA AGC GGA AGT GGT GGC CCT TCA AGO AGC ^CA 1582 
Tyr Ser Thr Gly Gly Ala Ser Gly Ser Gly Cly Fro Ser Thr Ser Thr 
115 120 125 

ACG ACC AGT GGA CCT GTG TGT GGC CGT CCA GGC AGA GCC AGG CCT AGA 1630 
Thr Thr Ser Gly Pro Val £;.r Ala Arg Pro Ala Arg Ala Arg Pro Are 
130 135 140 

AGA GGC GGA GAA GAG ACA CTT ACC CCA GAA GAA GAA GAA AAG CGA AGG 1678 
Arg Pro Arg Glu Glu Thr Leu Thr Pro Glu Glu Glu Glu Lys Arz Are 
145 150 155 ^ & 6 

GTT CGC AGA GAG CGG AAC AAG CTG CCT CCA GGT AAG TGC AGG AAC CGT 1726 
Val Arg Arg Glu Arg Asn Lyj Leu Ala Ala Ala Lys Cys Are Asn Are 
160 165 170 lyf 

CGG AGG GAG CTG ACA GAT CGA CTT GAG GCG GAA ACT GAT C/.G CTT GAA 1774 
Arg Arg Glu Leu Thr Asp Arg Uu Gin Ala Glu Thr Asp Gin Leu Glu 
180 185 190 

GAG GAA AAG GCA GAG CTG GAG TCG GAG ATC GCC GAG CTG CAA AAA GAG 1822 
Glu Glu Lys Ala Glu Leu Giu Ser Glu He Ala Glu Leu Gin Lys Glu 
195 200 205 

AAG GAA CGC CTG GAG TTT GTG CTG GTG GCC CAC AAA CGG GGC TGC AAG 1370 
Lys Glu Arg Leu Glu Phe Val Leu Val Ala His Lys Pro Gly Cys Lys 
210 215 220 

ATC GCC TAC GAA GAG GGG CGG GGG CCA GGC GCC CTG GCC GAG GTG AGA 1918 
lie Pro Tyr Glu Glu Gly Pro Gly Pro Gly Fro Leu Ala Glu Val Are 
225 230 235 

GAT TTG GCA GGG TCA ACA TCG GCT AAG GAA GAC GGC TTC GGC TGG CTG 1966 
Asp Leu Pro Gly Ser Thr Ser Ala Lys Glu Asp Gly Phe Gly Trp Leu 
240 245 - ~ 250 255 

CTG CGG CCC CCT CCA CGA CGC CGC CTG CGC TTC CAG AGC AGC CGA GAC 2014 
Leu Pro Pro Pro Pro Pro Pro Pro Leu Pro Phe Gin Ser Ser Arg Asp 
260 265 270 

GCA CCC CCC AAC CTG ACG CCT TCT CTG TTT ACA CAC AGT GAA GTT CAA 2062 
Ala Pro Pro Asn Uu Thr Ala Ser Leu Phe Thr His Ser Glu Val Gin 
275 280 285 
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GTC CTC GGC GAC CCC TTC CCC GTT GTT AGC COT TOG TAG ACT TCC TCG 2110 
Val Leu Gly Asp Pro Phe Pro Val Val Ser Pro Set Tyr Thr Ser Set 
290 295 * 300 

TTT GTC CTC ACC TGC CCG GAG GTC TCC CCC TTC GCC GGC CCC CAA CCC 2158 
Phe Val Leu Thr Cys Pro Glu Val Ser Ala Phe Ala Gly Ala Gin Arg 
305 310 315 

ACC PGC GGC AGC GAG ;AG CCG TCC GAC CCG CTG AAC TCG CCC TCC CTT 2206 
Thr Ser Gly Ser Glu Gin Pro Ser Asp Pro Leu Asn Ser Pro Ser Leu 
320 325 330 335 

CTT GCT CTG T AAACTCTTTA G^CAAACAAA ACAAACAAAC CCGCAAGGAA 2256 
Leu Ala Leu 

CAAGGAGGAG GAAGATOAGG AGGAGAGGGG AGGAAGCAGT CCGGGGGTGT GTGTGTGGAC 2316 

CCTTTGACTC TTCTGTCTGA CCACCTGCCG CCTCTGCCAT CGGACATGAC GGAAGGACCT 2376 

CCTTTGTGTT TrCTGCTCCG TCTCTGGTTT TCTGTGCCCC GGCGAGACCG GAGAGCTGGT 2436 

GACTTTGGGG ACAGGGGGTG GGGCGGGGAT GGACACCCCT CCTGCATATC TTTGTCCTGT 2496 

TACTTCAACC CAACTTCTGG GGATAGATGG CTGGCTGGGT GGCTAGGGTG GGCTGCAACG 2556 

CCCACCTTTG GCCTCTTGCG TGAGGCTGGA GGGGAAAGGG TGCTGAGTGT GGGCTGCAGG 2616 

GTGGGTTGAG GTCGAGCTGG CATGCACCTC CAGAGAGACC CAACGAGGAA ATGACAGCAC 2676 

CCTCCTGTCC TTCTTTTCCC CCACCCACCC ATCCACCCTC AAGGGTGCAG GGIGACCAAG 2736 

ATAGCTCTGT TTTGCTCCCT CGGGCCTTAC CTGATTAACT TAACATTTCC AAGAGGTTAC 2796 

AACCTCCTCC TGGACGAATT GAGCCCCCGA CTGAGGGAAG fCGATGCCCC CTTTGGGAGT 2856 

CTGCTAACCC CACTTCCCGC TGATTCCAAA ATCTCAACCC CTATCTGACT GCTCAGTCTT 2916 

TCCCTCCTGG GAAAACTGGC TCAGGTTGGA TTTmTCCT CGTCTGCTAC AGAGCCCCCT 2976 

CCCAACTCAG GCCCGCTCCC ACCCCTGTGC ACTATTATGC TATGTCCCTC TCACCCTCAC 3036 

CCCCACCCCA GGCGCCCTTG GCCGTCCTCG TTGGGCCTTA CTGGTTTTGG GCAGCAGGGG 3096 

GCGCTGCGAC GCCCATCTTG CTC^AGCGCT TTATACTCTG AATGAGTGGT CGGATTGCTG 3156 
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GGTGCGCCGG 


ATGGGATTGA CCCCCAGCCC TCCAAAACTT TCCCTGGGCC TCCCCTrCTT 


3216 


CCACTTGCTT 


CCTCCCTCCC CTTGACAGGG AGTTAGACTC GAAAGGATGA CCACCACGCA 


3276 


TCCCGGTGGC 


CTTCTTGCTC AGGCGCCAGA CTTTTTCTCT TTAAGTCCTT CCCCTTCCCC 


3336 


AGCCTAGGAC 


GCCAACTTCT CCCCACCCTG GGAGCCCCGC ATCCTCTCAC AGAGGTCGAG 


3396 


GCAATTTXCA 


GAGAACriTT CAGGGCTGAG GCTTTGGCTC CCCTATCCTC GATATTTGAA 


3456 


TCCCCAAATA 


TrrTTGGACT AGGATACTfA AGAGGGGGCT GAGTTCCCAC TATCCCACTC 


3516 


CATCCAATTC 


OTTCAGTCCC AAAGA.CGAGT TCTCTCCCTT CCCTCCAGCT TTCACCTCGT 


3576 


GAGAATCCCA 


CGAGTCAGAT TTCTATTTTT TAATATTCGG GAGATGGGCC CTACCGCCCG 


3636 


TCCCCCGTGC 


TGCATGGAAC ATTCCATACC CTGTCCTGGC CCCTAGGTTC CAAACCTAAT 


3696 


CCCAAACCCC 


ACCCCCAGCT ATTTATCCCT TTCCTGGTTC CCAAAAAGCA CTTATATCTA 


3756 


TTATGTATAA 


ATAAATATAT TATA*ATGAG TGTGCGTGTG TGTGCGTGTC CGTGeGTGCG 


3816 


TGCGTGCGTG 


CGAGCTTCCT TGTrTTCAAG TGTGCTGTGG AGTTCAAAAI CGCTTCTGGG 


3876 


GATTTGAGTC 


AGAGTTTCTG GCTCrTCCCTT TTTGTCACCT Trrr'/riGTI GTCTCGGCTC 


3936 


CTCTOGCTGT 


TGGAGACAGT CCCGGCCTCT CCCTTTATCC TTTCTCAAGT CTGTCTCCCT 


3996 


CAGACCACTT CCAACATGTC TCCACTCTCA ATGACTCTGA TCTCCGGTTC TCTGTTAATT 


4056 


CTGGATTTGT 


CGGGGACATG CAATTTTACT TCTGTAAGTA AGTGTGACTC GGTGGTAGAT 


4116 


TTTTTACAAT 


CTATATCGTT GAGAATTC 


4144 


(2) INFORMATION FOR SEQ ID N0:2: 




(i) 


SEQUENCE CHARACTERISTICS: 

(A) LENGTH: ?>38 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 




(ii> 


MOLECULE TYPE: protein 




(xi) 


SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
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Met 
1 



Phe 



Gin 



Ala 



Phe 
5 



Pro 



Gly Asp Tyr Asp Ser 
10 



Gly 



Ser 



Arg Cys 
15 



Ser 



Ser Ser Pro Ser Ala Glu Ser Gin Tyr Leu Ser Ser Val Asp Ser Phe 
20 25 30 

Gly Ser Pro Pro Thr Ala Ala Ala Ser Gin Glu Cys Ala Gly Leu Gly 
35 AO 45 

Glu Met Pro Gly Ser Phe Val Pro Thr Val Thr Ala He Thr Thr Ser 
50 55 60 

Gin Asp Leu Gin Trp Leu Val Gin Pro Thr Leu He Ser Ser Met Ala 
65 70 75 80 

Gin Ser Gin Gly Gin Pro Leu Ala Ser Gin Pro Pro Ala Val Asp Pro 
85 90 95 

Tyr Asp Met Pro Gly Thr Ser Tyr Ser Thr Pro Gly Leu Ser Ala Tyr 
100 105 110 

Ser Thr Gly Gly Ala Ser Gly Ser Gly Gly Pro Ser Thr Ser Thr Thr 
115 120 125 

Thr Ser Gly Pro Val Ser Ala Arg Pro Ala Arg Ala Arg Pro Arg Arg 
130 135 140 

Pro Arg Glu Glu Thr Leu Thr Pro Glu Glu Glu Glu Lys Arg Arg Val 
145 150 155 160 

Arg Arg Glu Arg Asn Lys Leu Ala Ala Ala Lys Cys Arg Asn Arg Arg 
165 170 175 

Arg Glu Leu Thr Asp Arg Leu Gin Ala Glu Thr Asp Gin Leu Glu Glu 
180 185 190 

Glu Lys Ala Glu Leu Glu Ser Glu He Ala Glu Leu Gin Lys Glu Lys 
195 200 205 

Glu Arg Leu Glu Phe Val Leu Val Ala His Lys Pro Gly Cys Lys He 
210 215 220 

Pro Tyr Glu Glu Gly Pro Gly Pro Gly Pro Leu Ala Glu Val Arg As? 



225 



230 



235 



240 
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Leu Pro Cly Ser Thr Ser Ala Lys Glu Asp Gly Fhe Gly Trp Leu Leu 
245 250 255 

Pro Pro Pro Pro Pro Pro Pro l-eu Pro Phe Cln Ser Ser Arg Asp Ala 
260 265 270 

5 Pro Pro Asn Leu Thr Ala Ser Leu Phe Thr His Ser Glu Val Gin Val 

275 280 285 

Leu Gly Asp Pro Fhe Pro Val Val Ser Pro Ser Tyr Thr Ser Ser Fhe 
290 295 300 

Val Leu Thr Cys Pro Glu Val Ser Ala Phe Ala Gly Ala Gin Arg Thr 
0 305 310 315 320 

Ser Gly Ser Glu Gin Pro Ser Asp Pro Leu Asn Ser Pro Ser Leu Leu 
325 330 335 



Ala Leu 



0 
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The foregoing is meant to illustrate, but not to limit, the scope of the 
invention. Indeed, those of ordinaiy skill in the art can readily enviacm and 
produce furttier embocfiments. based on the teachings herein, vwthout undue 
experimentation. 
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CLAIMS 

1 . A polynucleotide encoding a trans-represstng protein of the Fos gene 
family, wherein trie protein is cfiaracterized by: 

(a) having a leudne zipper domain; and 

(b) fomiiny a heterodimer with a Jun retated protein, wherein the 
heterodimer is capable of: 

(i) binding to an AP-1 site; and 

(ii) suppressing transcriptional transactivation of a promoter 
containing the AP-1 site. 

2. The polynucleotide of daim 1, wherein the Jun related protein is 
selected from the group consisting of c^m. Jun B and Jun D. 

3. The polynucleotide of claim 1 wherein the protein is the tnjncated fonn 
of a Fos protein resulting from the deletion of an intron. 

4. The polynucleotide of daim 3. wherein the Fos protein is selected from 
the group consisting of c-Fos. Fos B, Fra 1, and Fra 2. 

5. The polynudeotide of daim 4. wherein the trans-repressing protein is 
Fos B2. 

6. A polynudeotide of daim 1. wherein the polynudeotide is DNA. 

7. The DNA of daim 6 which is truncated due to the deletion of an intron. 



8. 



A host cell containing the polynudeotide of daim 1. 
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9. A recombinant expression vector containing the polynucleotide of clam 
1. 

10. The vector of daim 9, which is a colloidal disperaon system. 

11. The vector of daim 10, wherein the colloidai cfepersion system is a 
liposome. 

12. The vector of daim 11, wherein the liposome is essentially target 
specific. 

13. The vector of daim 12, wherein the liposome is anatomically targeted. 

14. The vector of daim 12, wherein the liposome is mechanistically 
targeted. 

15. The vector of daim 14, wherein the mechanistic targeting is passive. 

16. The vector of daim 14. wherein the mechanistic targeting is active. 

17. The vector of daim 16. wherein the liposome is actrvely targeted by 
coupling with a moiety selected from the group consisting of a sugar, 
a glycolipid, and a protein. 

18. The vector of claim 17, wherein the protein moi^ is an antibody. 

19. The vector of daim 9, which is a virus. 

20. The vector of daim 19, wherein the virus is an RNA virus. 
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21 . The vector of claim 20. wherein the RNA virus is a retrovirus. 

22. The vector of claim 21. wherein the retrovirus is essentiaiy target 
specific. 

23. The vector of cJaim 22. wherein the moJsty for target specificity is 
encoded by a polynucleotide inserted into the retroviral genome. 

24. The vector of daim 22. wherein the moiety for target specificity is 
selected from the group consisting of a sugar, a gVcolipid. and a 
protein. 

25. The vector of daim 24. wherein the protein is an antibody. 

26. A trans-repressing protein encoded by a polynudeotide of daim 1. 

27. An antibody to the protein encoded by the poJynudeotide of daim 1. 

28. A method for suppressing the transcriptional transactivation of a 
promoter containing an AP-1 site, which comprises contacting the AP-1 
site with an effective amount of the trans-represang protein of 
daim 26. 

29. The method of daim 28. wherein the trans-repressing protein is 
truncated due to the deletion of an introa 

30. The method of daim 29. wherein the Fos protein is selected from the 
group consisting of c-Fos. Fos B. Fra 1. and Fra 2. 

31 . The method of daim 30. wherein the trans-repressing protein is FosBZ 
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32. iTie method of claim 27. wherein the Jun related protein is selected 
from tria group consisting of c-Jun. Jun and Jun 0. 

33. The method of claim 28, wherein the comacting occurs in a cell. 

34. The method of claim 33, wherein the is transduced or transfected 
with a polynucleotide which encodes the Fos proteia 

35. The method of claim 34. wherein the potynudeotide is transduced 
using a recombinant RNA virus. 

36. The method of claim 25. wherein the RNA virus is a retroviojs. 

37. A method of treating a cell proliferative cSsorder. wherein the disorder 
is associated with activation of a promoter containing an AP-I site, 
which comprises: 

(a) removing a sample of tissue assodated with the disorder from 
a subject with the disorder; 

(b) isolating from the sample a hwnatopoietic ce!' which has 
infiltrated the tissue; 

(c) contacting the hematopoietic cell with a recombinant expression 
vector comprising a polynudeotide encoding the Fos protein of 

daim 1; and 

(d) introducing the hematopoietic cell into the subject 



38. The method of daim 37. vyherein the hematopoietic ceO & a leukocyte. 
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The method of claim 37. wherein the polynucleotide encodes Fos BZ 
The method of claim 37, wherein the subject is human. 

The method of claim 37. wherein the recombinant expression vector is 
an FINA virus. 

The method of claim 41 . wherein the RNA virus is a retrovims. 

The method of claim 37. wherein, prior to introduction of the leukocyte 
into the animal, the leukocyte is expanded with IL-Z 
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